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Abstract 
 
The ability to detect “touch” DNA has complicated the interpretation of DNA profiles in 
the field of forensics because it leads to the introduction of the concept of DNA transfer, 
persistence and background into casework. This project is geared towards understanding 
DNA transfer in the NYC subways and has relevance in groping and attempted sexual 
assault cases, where garments are submitted as evidence. The study involved 10 
volunteers who were asked to wear a clean jacket during their trips on the subway for one 
week and the DNA from these jackets was collected, extracted, quantified, amplified and 
typed. The results showed that negative real-time PCR quantitation results did not predict 
STR DNA typing outcomes. DNA typing results showed that 62.3% of the alleles 
detected on the jackets were foreign, however, the wearer was the major component in 
majority of the loci tested. Most of the samples were mixtures and none of the samples 
yielded a major foreign component that would have been eligible for the DNA database.  
This study provides some insight into the amount of background DNA found on clothing 
in the subway environment, which is critical to determining the probative value of this 
type of evidence. 
 1 
Introduction  
The advent of advanced molecular techniques such as PCR and STR typing has 
revolutionized the treatment of biological specimens from crime scenes. Prior to this, 
enzymes and blood group polymorphisms were the only tools available to analyze such 
samples (Geberth, 2010). STR typing is now a routine procedure in crime labs and can 
differentiate between individuals, who share approximately 99.7% of their genome with 
one another. Due to these similarities, DNA markers used for human identification 
purposes are chosen to ensure that they exhibit the highest possible variation or 
alternatively combine several of the less variable markers, which increases the ability to 
discriminate between individuals (Butler, 2012). Apart from the degree of variation, low 
stutter, low mutation rate and relatively small amplicon length (90-500bp) are some other 
criteria considered when selecting new STR markers for human identification (Butler, 
2012). Markers meeting these criteria are combined and optimized to generate the present 
day multiplex amplification kits. Since STR analysis is a PCR based molecular technique, 
the development of new and enhanced amplification kits has had a vast impact on the 
type and quantity of forensic samples that can be analyzed. Validation studies show that 
the AmpFlSTR® Identifiler® Plus PCR amplification kits provide greater sensitivity, 
better tolerance to inhibitors and improved performance on mixtures compared to older 
kits (Wang, et al., 2012). The validation data for the AmpFlSTR® Minifiler™ PCR 
amplification kit suggests that in regards to sensitivity and dealing with degraded DNA 
samples, this kit surpasses even the newer Identifiler Plus kits because it generates 
smaller sized PCR products (Mulero, et al., 2008). Apart from the ever-improving 
chemistry of PCR kits, the technology of the instruments has also evolved as new 
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innovations have been incorporated into instrument design and analysis software. NIST 
validation studies on the 3500 Genetic Analyzer, which is the most recent capillary 
electrophoresis instrument from Applied Biosystems®, have ascertained that it can be 
used to obtain full and correct profiles for samples amplified from 1.0 ng to 0.1 ng DNA 
using Identifiler and Identifiler Plus kits (Butts, et al., 2011). The availability of these 
multiplex PCR kits combined with sophisticated instrumentation with lowered limits of 
detection now enables forensic DNA laboratories to not only test biological fluids like 
blood, semen or saliva but also skin cells and DNA left behind after touching an object. 
As the DNA technology has improved in terms of detection sensitivity, the quantity of 
DNA that can be analyzed to generate a profile has decreased significantly, such that a 
profile can be generated from just a few cells. This broadened the scope of forensic 
applications of DNA technology to include a wide array of criminal offenses beyond 
homicides and sexual assaults to burglaries, vehicle crimes, and gun possession cases, 
and has brought increased attention to trace or ‘touch’ DNA in forensic investigations 
(van Oorschot et al., 2010).  
Trace or ‘Touch’ DNA 
Trace DNA or touch DNA is DNA that cannot be attributed to a bodily fluid, is invisible 
to the naked eye, and is found in minute amounts usually less than 100pg (Meakin & 
Jamieson, 2013; van Oorschot, et al., 2010). DNA transferred to objects from hands has 
been shown to yield full and partial profiles could be generated from touched objects as 
early as 1997 (van Oorschot, et al., 1997).  
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Mechanism and Types of DNA Transfer 
The mechanism by which the DNA gets transferred or deposited onto an object from skin 
is complex. Skin cells are morphologically different from other types of epithelial cells 
such as those from the vagina or the mouth, because they are keratinized and lack nuclei. 
Therefore, skin cells are by themselves poor sources of DNA but due to the natural 
sloughing process they are exposed to large numbers of DNA bearing cells as they reach 
the skin surface and this causes them to become carriers of DNA (Daly, et al., 2011). 
Additionally, hands and fingers act as vectors in DNA transmission for cells coming from 
the mouth (saliva), nose, eyes and sebaceous glands, all of which are rich in DNA (Daly, 
et al., 2011). DNA containing cellular material can end up on a surface by either direct or 
indirect transfer and these factors have to be considered when evaluating results from 
trace DNA profiles (Meakin & Jamieson, 2013). Direct transfer of DNA usually involves 
physical contact but also includes activities that may deposit DNA onto a surface without 
physical contact such as coughing, sneezing and speaking. Indirect transfer of DNA does 
not require any contact between the donating individual and the recipient; it occurs via an 
intermediary surface (Meakin & Jamieson, 2013). This type of DNA transfer is referred 
to as “secondary” transfer since there is an intermediary transfer event involved between 
the individual (source of DNA) and the object (final substrate of transfer chain). Similarly 
tertiary transfer and so on are also possible and have complicated forensic work 
immensely; in many cases criminal justice stakeholders are being asked to consider 
alternative scenarios explaining the presence of an incriminating DNA profile at the 
scene. One example of involuntary secondary transfer is the possibility that even though 
investigators use protective clothing and gloves to protect the crime scene from 
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inadvertent transfer of their own DNA, their gloves can still potentially become vectors 
of secondary transfer between different items at the crime scene (Fonnelop, et al., 2015). 
Studies conducted by Poy and van Oorschot (2006) on the implications of this type of 
investigator-mediated transfer have shown that high risk vectors such as latex gloves do 
indeed become a medium for secondary transfer. It has also been shown that commonly 
used fingerprint brushes also become contaminated with DNA and become vectors of 
secondary transfer (Meakin & Jamieson, 2013). The transfer of DNA within forensic 
exhibit packaging has shown that this type of transfer may also result in the loss or 
relocation of DNA, which would otherwise generate acceptable results. These transfers 
negatively affect criminal investigations and court outcomes by increasing the possibility 
of misinterpretation of evidence (Goray, et al., 2012).  
Factors affecting DNA Transfer 
According to the Locard exchange principal, every contact leaves a trace, which is 
unbiased, indisputable evidence, the value of which is only lost by the inability of the 
scientist to fully comprehend it (De Forest, et al., 1983; Goray, et al., 2012). This 
principle puts secondary and further transfer of genetic material into perspective and it 
becomes clear that indeed there are multiple possibilities of this type of transfer occurring 
under different case scenarios. DNA collected from a crime scene could be a result of 
either direct transfer or secondary transfer or both and this has to be evaluated carefully. 
There is extensive evidence of such transfer events occurring and many factors affect 
DNA transfer such as gender, age, persistence, substrate characteristics etc. (Meakin & 
Jamieson, 2013). If one transfer scenario is more or less likely than the alternative and 
forensic scientist are looking for a data driven approach to inform the courts.  
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Shedder Status and Age  
The amount of DNA left behind varies between individuals and is dependent on their so-
called “shedder” status. Although the concept of a good or bad shedder has been brought 
to attention several times, the results of the various studies pertaining to the subject have 
not been concordant. One study revealed that there was indeed a difference in the ability 
to shed epithelial cells between individuals (Daly, et al., 2011, Lowe, et al., 2002). 
However, a later study showed that there was no way to distinguish and label a person as 
a good or bad shedder; rather all individuals can be both good and bad shedders based on 
factors such as when they were sampled, which hand was sampled, and what type of 
activities they were performing prior to sampling, etc. (Phipps, et al., 2007).  
Shedder status of an individual can also be affected by factors like age, sex and disease. 
The proliferation rate of skin is directly linked to the number of scaled epithelial cells and 
hence the number of cells a person may shed upon contact with a substrate (Poetsch, et 
al., 2013). In a study conducted by Poetsch et al. in 2013, they systematically determined 
the influence of age on skin cell transfer in the context of forensic DNA analysis. Their 
results showed that children up to 10 years old left behind significant amounts of good 
quality DNA, which yielded full profiles, as did 25% of the adults aged 21 – 60 years. 
However, no person over the age of 80 years left a full profile (Poetsch, et al., 2013). The 
sex-specific age association with primary DNA transfer showed that there was a 
statistically significant association between the percentage DNA profile deposited on the 
plastic tube and the age of the male individuals who deposited them (Manoli, et al., 
2016).  
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Gender  
Sampling of the palmar surfaces of hands and fingers of both men and women showed 
that the integrity of the DNA was significantly higher in the male samples concluding 
that gender is indeed an important factor that affects the tendency of individuals to carry 
and transfer DNA (Lacerenza et al., 2016). The impact of donor age, sex and handling 
time can be seen in the data showing that men tend to deposit a higher concentration of 
DNA than women and the concentration of DNA is independent of handling time 
(Grskovic, B. et al., 2014). Generally, men tend to deposit higher and better quality DNA 
than women, and that age only becomes a factor if dealing with children (under 10 years) 
or the elderly (over 80 years). Otherwise adults deposit varying amounts of DNA onto a 
given surface and this amount is dependent on gender and their personal habits (hygiene) 
and lifestyles (Lacerenza, D. et al., 2016).   
Physical Characteristics of the Substrate 
Finally, the factor that has a very direct and significant impact on DNA deposition and 
recovery in the forensic context is the substrate itself. A smooth substrate such as plastic 
or glass compared to a rough or textured substrate such as wood or fabric may also 
impact the amount and quality of DNA deposited. Smooth surfaces pick up less DNA 
than textured surfaces in general, due to the amount of friction involved when touching a 
rough, porous surface. Testing the three substrates: glass, wood and fabric revealed that 
the highest amount of transfer occurred in wood followed by fabric and then glass. This 
proves that the nature of the substrate does in fact impact the amount of DNA that will 
get transferred onto it (Daly, et al., 2011). In a similar study on secondary and subsequent 
transfer using glass and cotton as substrates, a research team simulated DNA transfer 
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events occurring six times. Their results showed that when glass was the substrate a full 
profile was generated only for the first substrate and partial profiles were generated for 
the remaining transfers. In the case of cotton, only a partial profile was obtained even on 
the first substrate (Lehman et al., 2013).  Aside from the substrate factor, physical details 
such as the amount of pressure applied while touching, whether it was a single touch or 
persistent contact, whether the biological material was wet or dry etc. are all valid 
questions that add details that are necessary to fully understand the touch DNA evidence.           
This type of DNA transfer involving multiple transfer events and substrates became a 
problem in the murder case of Meredith Kercher. In the absence of any other biological 
evidence placing the defendant (R.S.) at the crime scene, the defense hypothesis 
suggested that DNA from the door handle touched by defendant ended up on the bra 
clasp of the victim via secondary transfer through the investigators gloves. This case was 
the inspiration for the Fonnelop et al. (2015) study where they aimed to determine if such 
a transfer was likely. They set up a transfer chain closely resembling that of the crime 
scene and deposited DNA from touch onto plastic, wood or metal substrates as a 
representation of the initial primary transfer followed by secondary and tertiary transfer 
through a person wearing nitrile gloves. Their results showed that the initial amount of 
DNA deposited and the substrate affect the probability of further transfers occurring. The 
highest amount of DNA was transferred when wood was the initial substrate. However, 
in the second transfer event from substrate 1 to nitrile gloves, the highest yield was for 
metal, followed by plastic and then wood. Interestingly, no DNA was transferred to the 
third substrate for any of the three transfer chains simulated. These results are reasonable 
since wood acquires the highest amount of DNA due to its rough texture (friction), it also 
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tends to retain that DNA thus very little gets transferred on to another object. Metal in 
comparison acquired little DNA due to its smooth surface (no friction) and is also a great 
source of transferring that DNA since it can easily be wiped off. Goray et al. (2012) also 
brought up similar points when they examined other mock case scenarios involving three 
realistic simulations involving transfer of body fluids and skin cells and different 
surfaces.  
Interpretation Challenges associated with Trace DNA 
It is now a well-established fact that DNA transfer is a prevalent phenomenon that occurs 
depending on many factors like material type, friction, substrate, gender etc. and that 
forensic labs have equipment that is sensitive enough to detect and analyze such small 
amounts of DNA and generate results. In addition to the possibility of transfer, which has 
to be evaluated in the context of the case, another problem lies in the fact that substrates 
contain background levels of DNA and therefore touch DNA samples often come from 
more than one individual. The interpretation of DNA results becomes a challenge when 
testing reveals complex mixtures. Generally, a profile containing alleles from more than 
one person is called a mixture. If the profile only has alleles from two people, it can be 
de-convoluted using information such as major/minor components, stutter, heterozygote 
peak-height ratios and dropout contained within the profile. The major/minor component 
determination is based on the difference in peak heights, with the higher peak heights 
being associated with the major component.  However, if the mixture consists of two 
individuals in exactly the same amount i.e. 1:1 mixture, then it becomes difficult to come 
up with one profile per person with a certain degree of confidence, since all combinations 
of alleles are equally likely (Clayton, et al., 1998). If all these factors have to be kept in 
 9 
mind when analyzing a fairly simple profile with only two contributors, it is quite clear 
that when the number of contributors exceeds two, then interpretation complexities 
become a severe hindrance in data analysis. Due to allele sharing determining the number 
of contributors in a complex mixture challenging, especially when it is also a low-level 
DNA sample with increased stochastic effects and allele dropout probabilities. 
Probabilistic genotyping software that accounts for these effects has been helpful to this 
end (e.g. Balding & Buckleton, 2009).   
As explained above, the concept of DNA transfer further adds to the complexity of DNA 
interpretation as it is dependent on many factors and can be case-specific. Explaining 
these possible transfer scenarios can be a very challenging task if different possible 
transfer events have to be considered. Furthermore, there is no unified database for 
determining how likely a particular transfer event is, which allows many seemingly 
plausible scenarios in court as to the presence of a particular profile on the evidence item. 
While many studies on DNA transfer have determined the likelihood of a particular 
transfer actually occurring (e.g. Goray et al 2012, Fonnelop), these have been conducted 
based on very specific case scenarios. Data from these studies may be helpful in the 
future and can inform an expert asked for an opinion in court, but experimental 
conditions and data format vary widely right now and work needs to be done prior to 
using transfer probabilities in a true probabilistic fashion (Champod, C., 2013).  
Impact of DNA Persistence on Interpretation  
The persistence of DNA also poses a problem when interpreting results. This has been 
seen especially when discarded clothing is examined for the purpose of determining the 
wearer. The possibility of DNA transfer calls the identity of the true wearer into question 
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(Breathnach et al., 2016). Some persistence studies involving steering wheels, wallets and 
articles of clothing have shown that the last person in contact with the item shows up as 
the major component in the resulting DNA profile. (Raymond, et al., 2009; Stouder, et 
al., 2002; Wickenheiser, et al., 2002). Although there is logic to this conclusion, it is 
important to also keep in mind all the previously mentioned factors that affect DNA 
transfer namely gender, shedder status, personal hygiene, activities prior to touching 
object, age etc.; therefore, it is not as simple as that. Similar studies conducted by Van 
Oorschot et al. (2014) showed that the DNA of the primary user is actually retained when 
the object is soft and porous even after use by the secondary person. The conclusion was 
also supported by another study by Fonnelop et al. (2015), which showed that DNA from 
the first user of the equipment (computer keyboard and mouse) was retained and 
transferred to the hands of the second user even 8 days after the exchange. DNA may 
persist for longer periods than 8 days.  
Generally, persistence of trace DNA is affected by three factors. The first one is the time 
interval between deposition and recovery of DNA. Here one study showed that DNA 
containing cells that are deposited onto a surface degrade over time resulting in severely 
diminished quality of the profiles (Raymond et al., 2009). The second factor is the texture 
of the deposition surface, which as mentioned before soft and porous surfaces tend to 
retain more DNA than non-porous surfaces. However, a study revealed that recovery 
from porous surfaces like cotton reduced by 50% when there was a 24hour delay in 
deposition and recovery. This reduction in the amount of recovered DNA was not 
observed for non-porous surfaces like plastic (Goray et al., 2010) (Meakin & Jamieson, 
2013). Finally, the environment to which the evidence materials are exposed contributes 
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significantly to persistence also. According to a study conducted by Goray et al. (2010) 
useful DNA profiles could only be obtained for up to two weeks from cells deposited 
onto an outdoor surface (window-frame) whereas good quality profiles were obtained for 
more than 6 weeks for cells deposited on glass slides and stored inside (laboratory). 
These differences were attributed to DNA degradation brought about by high 
temperatures and prolonged exposure to sunlight (Goray et al., 2010).  
Based on all the above-mentioned factors that potentially affect the final DNA profile, it 
is clear that a statement as to how a certain DNA sample was deposited on the evidence 
item cannot be based only on the quality of the profile. Whether the DNA was transferred 
accidentally or is probative evidence can also not be determined based only on the 
quantity of DNA. This is because the quantity deposited varies based on many of the 
factors discussed previously i.e. gender, shedder status, sex, type of fluid etc. and also on 
the sampling, recovery and extraction methods employed by the analyst. Generally, if 
there is a greater amount of DNA available on the initial item, there is an increased risk 
of transfer to subsequent surfaces (Meakin & Jamieson, 2013).  
Importance of Background DNA Information 
To better interpret touch DNA results it is important to have some knowledge of the 
background DNA that may be found on a given piece of evidence. Since DNA can be 
transferred so easily, it is natural to assume that all things in their natural state have a 
certain background profile. Since fingernails are often collected as evidence in violent 
crimes, Cook and Dixon (2007) conducted a study to establish the background levels of 
foreign DNA under fingernails so that this data can be used to assess the significance of 
finding foreign DNA under fingernails in casework. Similarly, although clothing is 
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routinely analyzed in forensic labs, no such foreign DNA background threshold has been 
established for garments. Generally, it would be expected that the habitual wearer of that 
garment would be present and most likely as the major component along with other 
people coming in direct physical contact with the wearer, such as a partner or a child. 
What is unknown is how much truly foreign DNA, not belonging to any one in the 
domestic environment of the wearer, might be present as well. 
This project aims to establish the amount of background DNA that can be acquired onto 
outer garments (jackets) when commuting via NYC subways. Almost all surfaces inside 
the subway car are potential sources of DNA transfer such as the seats, the poles, the 
doors etc. and this may facilitate a lot of DNA transfer. In addition to these surfaces, the 
general close proximity of people can further facilitate DNA transfer events and common 
activities such as speaking, coughing, sneezing, inadvertent touching can deposit 
significant amounts of DNA for transfer. This information will be relevant to crimes such 
as groping and attempted sexual assault cases, where touch DNA may be the only 
evidence linking the perpetrator the crime. The court needs to assess whether or not DNA 
belonging to the perpetrator on a garment is of probative value, or could be explained by 
fortuitous transfer even without knowing the victim, for example in the public 
transportation system.  
Materials and Methods 
 
Sample Preparation and Collection: 
10 volunteers (8 females and 2 males) were provided with jackets and storage bags and 
were asked to ride the subway for a full week (Friday to Friday) wearing the jacket 
throughout the duration of the train ride. The jackets were stored in the provided bags 
 13 
between subway rides. Both the jackets and the storage bags were washed prior to 
experiment setup following a bleach only cleaning cycle in a Whirlpool Duet Sport 
washing machine using All Free and Clear detergent according to the manufacturer’s 
recommendations in a normal (54 minutes), warm water cycle. 6 jackets and 6 bags were 
cleaned per load and then laid flat to dry overnight on a clean area with minimal access. 
The jackets were then bagged and distributed among the volunteer along with a daily 
subway activity log. Each donor also provided a cheek swab as reference DNA source. 
Jackets and swabs were stored anonymously under a code number. 
International Review Board (IRB) Approval:  
Volunteers were recruited through flyers and email and DNA collection was approved by 
the CUNY Institutional Review Board.  No names or other identifiable information were 
collected. The volunteers were given a copy of the consent form and gave oral consent. 
This study did not add any additional risk to the existing risks associated with riding the 
NYC subway trains, as no additional travel was required.  
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Sample Processing (Scraping):  
9 standardized areas of the jackets were selected for sampling. These areas along with 
their placements and size were as follows:  
Table 1. Standardized Collection Areas per Jacket 
Sample label Sample description Size Placement 
LL Lower left arm 14x19 cm 5cm up from cuff 
area 
UL Upper left arm 15x19 cm 7cm up from LL 
LR Lower right arm 14x19 cm 5cm up from cuff 
area 
UR Upper right arm 15x19 cm 7cm up from LR 
FL Front left 15x19 cm 8cm below hood 
and 3cm left of 
zipper 
FR Front right 15x19 cm 8cm below hood 
and 3cm right of 
zipper 
BL Back left  15x20 cm 25 cm down from 
middle top seam 
BR Back Right 15x20 cm 25cm down from 
middle top seam  
C Inside right cuff Entire interior of 
cuff 
Directly below cuff 
seam  
  
The cuff sample was expected to show the wearer’s DNA and was collected as a positive 
control. These samples were processed one jacket at a time in a clean room and under full 
gowning conditions (disposable lab coat, hair net, mouth guard, double gloves and eye 
protection). The benches were cleaned with bleach, water and ethanol prior to being 
covered by fresh bench paper. Using a pair of similarly cleaned scissors the hood was 
removed first and placed in the storage bag. The samples were measured and labeled with 
a sharpie and then cut along seams. Once the samples were separated they were placed in 
individual paper bins for scraping. A fresh, disposable razor was cleaned (bleach, water, 
ethanol) before scraping each sample. The lint was removed as uniformly as possible 
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from the entire sample surface and lifted off the fabric with clean tweezers and placed 
into UV irradiated (Tamariz et al. 2006), labeled 1.5 ml Eppendorf tubes. The samples 
were stored in the freezer until extracted.   
High Yield DNA Extraction:  
Incubation and Saliva Test 
800µl of irradiated dH2O were added to each of the nine sample tubes and into an empty 
tube labeled extraction negative. Only one tube was opened at a time and the scrapings 
were completely submerged into the water. All jacket scrapings, with the exception of the 
cuff and extraction negative, were tested for the presence of human salivary amylase 
using the Rapid Stain Identification (RSID) saliva kit from Independent Forensics (IFI) 
Chicago, IL.  A fresh positive control for the amylase test was prepared by submerging a 
saliva swab (made with 25µl fresh saliva) in 500µl of irradiated dH2O. The samples and 
the positive control were incubated on the shaker at room temperature for 10 minutes 
with shaking at 500 rpm. Nine irradiated 1.5ml tubes were labeled. The positive control 
and the samples were centrifuged briefly at full speed and 20µl of each sample were 
transferred to the fresh-labeled tubes. Nine RSID saliva test cassettes were also labeled 
for the jacket samples (LL to BR) and the positive saliva control. 80µl of RSID running 
buffer was added to each 20µl sample and control aliquot and mixed thoroughly by 
pipetting up and down. The control and samples were then loaded into the cassettes and a 
timer was set to 10 minutes. The qualitative results were read after exactly 10 minutes 
and recorded on the batch sheet.  
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Proteinase K Digestion 
A solution containing Sodium Dodecyl Sulfate (SDS) (Ambion) and Proteinase K (ProK)  
 
was prepared according to the table below:  
 
Stock Solution Final Concentration in 
sample 
1 sample 
10% SDS 0.05% 4.1 μl 
Proteinase K 20mg/ml 0.80 mg/ml 32.8 μl 
Irradiated dH2O N/A 3.1 μl 
 
DNA extraction was continued by adding 40µl of the SDS/ProK solution to each sample 
including the extraction negative (EN) and mixed well. The ten tubes were incubated on 
the heat shaker at 56°C for 45 minutes with shaking at 1400 rpm. Proteinase K was then 
inactivated by incubation at 99°C for 10 minutes. The samples were then placed in a cold 
block at 4°C for 10 minutes. Following the incubation steps, the tubes were centrifuged 
briefly at full speed.  
Substrate Removal 
Nine irradiated 1.5ml tubes and nine dolphin tubes (Sigma-Aldrich) were labeled and 
most of the liquid from the incubated samples was transferred to the 1.5ml labeled tubes. 
Irradiated spin baskets were inserted into the dolphin tubes and the lint from the samples 
was carefully added to the baskets using tweezers. The tweezers were cleaned between 
samples with bleach, water and ethanol. The loaded spin baskets were centrifuged for 5 
minutes at 1500 rcf and all the sample liquid (old incubation tube, basket flow through) 
was combined in the fresh 1.5ml tube. The combined samples were centrifuged at full 
speed to pellet any lint.  
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Purification and Concentration 
DNA extracts were purified and concentrated using Microcon DNA Fast Flow centrifugal 
units (EMD Millipore). A total of 1mg fish sperm (Roche) was used to pre-coat the 
membranes and was prepared by dilution using the following chart:  
Reagent 1 Sample 
(2 Microcons each) 
Irradiated dH2O 38 μl 
Fish Sperm DNA (1mg/ml) 2 μl 
 
Two labeled Microcon Fast Flow tubes were used per sample and the membranes were 
coated using 20µl of the above mentioned diluted fish sperm such that the entire 
membrane was covered in the liquid. 400µl of each extract was added to its respective 
pretreated and labeled membrane and the Microcon tube was centrifuged at 500 rcf for 20 
minutes. After removing from the centrifuge, the eluate was discarded and the remaining 
400µl of the extracts were applied to the same membrane making sure that no lint pellet 
made its way into the pipette. The centrifugation step was repeated at 500 rcf for 20 
minutes. 
The contents were recovered by inverting the Microcon™ over a labeled irradiated 
collection tube. This step was performed very carefully and only one Microcon was 
opened and inverted at a time to prevent contamination. The inverted Microcon unit was 
centrifuged at 1000 rcf for 3 minutes. The eluted liquid was applied to the second pre-
coated Microcon tube and the volume transferred was recorded. Based on the eluate 
volume irradiated water was added to reconstitute a volume of 400µl, for example: 20µl 
fish sperm (Roche) + 50µl DNA extract, 330µl of water were added. The Microcon tubes 
were centrifuged at 500 rcf for 20 minutes. For the additional cleanup step, 350µl of 
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irradiated water were added after this to the membranes and the tubes were centrifuged 
again at 500 rcf for 20 minutes.  
After these final purification steps, the membrane was visually inspected to ensure that 
only about 5µl of water remained above the membrane. For the final elution, 20µl of 
0.1xTris EDTA were added to the microcons, which were inverted over new labeled 
irradiated collection tubes and centrifuged at 1000 rcf for 3 minutes. The eluents were 
transferred to irradiated, labeled 1.5ml reaction tubes and the approximate volumes were 
measured and recorded. These volumes ranged between 20 and 30µl. For extracts less 
than 20µl, the volume was reconstituted to 20µl using 0.1xTris EDTA. The extracts were 
stored in the freezer for later testing.    
DNA Quantitation:  
All the extracted DNA samples were quantitated using the Quantifiler® Duo DNA 
Quantification kit (Life Technologies, Thermo Fisher Scientific) on the Applied 
Biosystems®, Life Technologies 7500 Real-Time PCR system. The eight standards were 
prepared by serial dilutions as per manufacturer guidelines. These standards were of the 
following concentrations: 50.000ng/µl, 16.700ng/µl, 5.560ng/µl, 1.850ng/µl, 0.620ng/µl, 
0.210ng/µl, 0.068ng/µl and 0.023ng/µl. 2µl of each extract were used to determine 
concentration and positive and negative controls were also run alongside the samples. 
The 7500 system parameters were set to the following settings:  
Stage 1: 50.0°C for 2min 
Stage 2: 95.0°C for 10min 
Stage 3: 95°C for 15sec then 60.00°C for 1min (40 x) 
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The data was analyzed on the SDS Software v1.2.3, which plotted the standard 
concentration curve and used it to determine the concentration of each sample.  
Minifiler Amplification: 
Polymerase chain reactions (PCR) were set up using the AmpFlSTR® MiniFiler™ PCR 
Amplification Kit by Life Technologies, Thermo Fisher Scientific. Reduced volume 
reactions (12.5 µl) were set up containing 5.0 µl of Master Mix and 2.5 µl Primer set. 
Based on the low quantitation results 5.0 µl of each sample DNA extract was added. The 
positive control provided in the kit was diluted to 0.05ng/µl in 0.1xTris EDTA and 5.0-µl 
of 0.1xTris EDTA was used as the amplification negative control. All samples and 
controls were placed in the thermal cycler set to the following cycling parameters:  
 
Initial  
Incubation 
Denature 
 
Anneal 
 
Extend 
 
Final Extension Final Hold 
 
HOLD               30 CYCLES  HOLD HOLD 
95°C 
11 min 
94°C 
20 sec 
59°C 
2 min 
72°C 
1 min 
60°C 
45 min 
 
4°C  
∞ 
 
3500 Electrophoresis and Analysis: 
All samples were analyzed on the 3500 genetic analyzer (Applied Biosystems®, Life 
Technologies). The samples were prepared by adding 1.2µl of PCR product into 10.8 µl 
of master mix (0.36 µl 600 LIZ Size Standard v2.0 and 10.44 µl Hi-Di™ Formamide, all 
Life Technologies). An allelic ladder was added to each column of the optical plate and 
empty wells were filled with 10µl of Hi-Di™ formamide. The plates were sealed and 
placed into the GeneAmp 9700 PCR system (Applied Biosystems®, Life Technologies) 
set to the denaturation protocol (95°C for 3min followed by 4°C for 3min). The sample 
tray was briefly centrifuged to pool contents and then placed into the 3500 instrument. 
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Runs were performed on a 36 cm capillary with POP-4 polymer (Life Technologies) and 
injection settings of 4kV and 20 seconds that had been optimized in preliminary 
experiments. Data were analyzed with Gene Mapper (ID-X v.1.5., Life Technologies 
Thermo Fisher Scientific) and a detection threshold of 75 RFU was employed. The 
profiles were categorized and the following information was obtained:  
Number of alleles: total, volunteer, and foreign 
Profile Quality: Good (>4 loci with signal), Poor (<4 loci with signal), Negative (0 loci 
with signal)  
Volunteer Profile Type: Major, Minor, Full, Partial and Negative  
 Identifiler Plus Amplification:  
The electropherograms from the Minifiler test were reviewed to determine which samples 
should be re-amplified in AmpFlSTR® Identifiler Plus™ (Life Technologies) to gain 
more information. The re-amplification criteria were as follows:  
- At least 4 loci with foreign alleles 
- Profile quality good  
- At least one locus where the volunteer’s profile is not major 
A total of 27 samples were selected for re-amplification and the 10 samples from the 
control jacket were also amplified. The PCR reactions were set in irradiated tubes and 
contained 5µl of Identifiler® Plus Master Mix, 2.5µl of Identifiler® Plus Primer Set and 
5µl of the DNA extract. A positive control was also prepared using 5µl of 9947A control 
DNA and a negative control was prepared using 5µl of 0.1x Tris EDTA. The tubes were 
mixed thoroughly and centrifuged to pool contents prior to placing in the thermal cycler 
set to the following cycling parameters: 
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Initial 
Incubation 
Denature Anneal/ 
Extend 
Final 
Extension 
Final Hold 
HOLD           29 CYCLES HOLD HOLD 
95°C 
11 min 
94°C 
20 sec 
59°C 
3 min 
60°C 
10 min 
4°C 
∞ 
 
  
Some samples were also selected for re-amplification using AmpFlSTR® Y-Filer® Plus 
kit (Life Technologies). The goal here was to detect minor male components and the 
criteria for this amplification was the presence of a Y allele at the amelogenin locus 
where the X allele has a peak height exceeding 10000 RFU. A total of 12 samples and 
two controls were amplified. The samples were prepared using 7.5µl Master Mix (4.6µl   
AmpFlSTR® PCR Reaction Mix + 2.5µl AmpFlSTR® Yfiler® Primer Set + 0.4µl 
AmpliTaq Gold® DNA Polymerase) and 5µl of DNA template. Appropriate positive and 
negative amplification controls were also included. The samples were placed in the 
thermal cycler set to the following program:  
Initial  
Incubation 
Denature 
 
Anneal 
 
Extend 
 
Final Extension Final Hold 
 
HOLD               30 CYCLES  HOLD HOLD 
95°C 
11 min 
94°C 
20 sec 
61°C 
1 min 
72°C 
1 min 
60°C 
80 min 
 
4°C  
∞ 
  
Both sets of amplification products were analyzed in the Genetic Analyzer 3500 
following the previously detailed protocol. 
Profile Interpretation and Statistics  
The different types of profiles were analyzed and grouped by counting the loci and the 
alleles. The total number of loci with signal per sample/jacket were determined and then 
percentages for each volunteer profile type were calculated. The volunteer alleles were 
subtracted from the total number of alleles to determine the number of foreign alleles per 
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sample. The samples were then added to calculate the total number of foreign alleles per 
jacket. The minimum number of contributors was determined for each profile. This was 
done using the highest number of alleles from the profile, which appeared in more than 2 
loci (i.e. 5 alleles seen at three loci indicate at least 3 contributors for that sample). A 
range for the minimum number of contributors was established per jacket using data from 
individual samples.  
Statistical analysis was performed using Excel (Microsoft Office) functions. The Kruskal 
Wallis test was employed to the quantitation data to determine if there was a correlation 
between jacket color, extraction method and the number of inhibited samples. The scatter 
plots displaying number of foreign alleles versus time spent in a subway car were 
subjected to trend line analysis.  
Results and Discussion 
 
Amylase Testing and DNA Quantitation 
The project involved a total of 11 jackets, one of which was the control, not given to any 
volunteer. After collection from the volunteers, 9 selected regions were scraped per jacket 
from the arms, front, back and cuff and subjected to DNA extraction. An extraction 
negative was also incorporated for every jacket for a total of 110 final extracts. The 
colors of the jackets along with the total time each jacket spent on the train can be seen in 
table 2. 
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Table 2. Sample Properties and Extraction Method 
Jacket 
Label  
Jacket 
Color 
Total 
Time on 
Train 
(min) 
Number of 
Areas 
Scraped  
Extraction 
method  
Wearer 
Quantitation 
Result for 
Cuff 
J1 Grey 289 9 High yield  YES 
J2 L. Grey 120 9 High yield NO 
J3 Grey 443 9 High yield YES 
J4 D. Blue 395 9 High yield 
with cleanup 
step 
YES 
J5 D. Blue 541 9 High yield 
with cleanup 
step 
YES 
J7 Black 476 9 High yield 
with cleanup 
step 
NO 
J8 D. Blue 500 9 High yield 
with cleanup 
step 
YES 
J9 D. Blue 551 9 High yield 
with cleanup 
step 
YES 
J10 Grey 356 9 High yield 
with cleanup 
step 
YES 
J11 Grey 752 9 High yield 
with cleanup 
step 
YES 
 
Prior to DNA extraction, each scraping sample was tested for human amylase. The test 
was performed using the Rapid Stain Identification (RSID) saliva kit, which is a lateral 
flow immunochromatographic strip test that specifically detects the presence of human 
salivary α-amylase, which is an enzyme that aids in starch digestion and is found in high 
quantities in human saliva (Old, et al., 2010). The test employs two anti-salivary amylase 
monoclonal antibodies, which detect the actual presence and not the activity of salivary 
amylase. The test is completed in 10 minutes and has a detection limit of 1ul of human 
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saliva, however validation studies have shown that the nominal limit of detection (LOD) 
is actually much lower, making the test very sensitive (Old, et al., 2010). Since it is a 
qualitative test, an amylase positive result is indicated by the presence of a red line under 
the “test” label. There is also a control label next to it, which should have a red line 
regardless of the test result, since this confirms that the test strip is functioning correctly. 
The purpose of incorporating this amylase test was to determine if trace amounts of saliva 
were present on the jackets. If any of the samples tested positive for amylase, this would 
mean that there is a high possibility that a full STR profile for the saliva donor could be 
attained in the downstream testing. Saliva samples also should have a higher DNA 
quantitation reading. The saliva test results are summarized in table 3.  
Table 3. Summary of Amylase Test Results 
Total number of scrapings tested  88 scrapings 
Percentage suspension submitted to test  2.5 % 
Total number of samples amylase positive 0 samples 
Total number of samples amylase negative 88 samples 
 
The extraction negatives and the cuffs for all samples were eliminated from this test, 
therefore a total of 88 scrapings were tested, of which none tested amylase positive. This 
means that there was no saliva present or the trace amounts that were present were below 
the nominal LOD and therefore, could not be detected by the test. This result did not 
provide any insight into downstream STR profiling or the quantitation results.  
The first extraction set consisted of jackets J1, J2 and J3. These jackets were extracted 
using the original high yield extraction protocol that did not include the additional 
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cleanup step, as mentioned in table 2. The extracts were then subjected to quantitation 
using the Quantifiler Duo kit. Each quantitation reaction contains an Internal PCR 
Control (IPC) and according to the Applied Biosystems handbook, the Ct value for the 
IPC should range between 28 and 31 (±1 Ct) (AB- Quantifiler Duo Manual, 2012).  This 
control allows for differentiation between samples that are true negatives and those 
affected by external factors such as inhibition, assay set up or instrumental issues. The 
quantitation results for the first extraction set (J1, J2 and J3 combined) revealed that 56% 
of the samples had no amplification of human DNA and no amplification of IPC as well. 
This means that the quantitation results for 56% of the samples were invalid, due to the 
presence of inhibitors. Of the remaining samples 33.3% had no amplification of human 
DNA and IPC Ct values that were higher than the normal range also indicative of 
inhibition. Only 11.1% samples had amplification of human DNA and IPC amplification 
with Ct values in the range of 28 to 31. See table 4 for a summary of all inhibition and 
DNA detection counts.  
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Table 4. Summary of Quantitation Results  
Jacket Label  Number of 
scrapings with 
no detectable 
DNA  
Number of 
scraping with 
detectable DNA 
Number of 
scrapings with 
IPC inhibition 
or failure 
Detectable 
DNA on Cuff 
J1 8 1 8 YES 
J2 9 0 9 NO 
J3 7 2 7 YES 
J4 3 6 4 YES 
J5 1 8 1 YES 
J7 9 0 9 NO 
J8 4 5 3 YES 
J9 4 5 7 YES 
J10 6 3 5 YES 
J11 0 9 0 YES 
 
With inhibition occurring in majority of the samples, the extraction protocol was altered 
to include an additional cleanup step; the purpose of which was to dilute the dye 
molecules in the jackets, which cause inhibition. Figure 1 shows the number of inhibited 
samples per jacket and reveals the effect of the additional cleanup step in the extraction 
method on IPC inhibition. Overall, it can be seen that the modification in extraction 
protocol decreased the number of inhibited samples per jacket with the exception of 
jacket 7, which was black and where color may have had an effect.  
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Figure 1. Number of samples per jacket with failed IPC. The dark blue bars represent 
jackets extracted using the original high yield extraction method and the light blue bars 
represent jackets extracted using the altered high yield extraction method with additional 
cleanup. The color of each jacket can be seen in the key. Quantitation results represented 
in the graph above show that darker colored jackets exhibit higher degree of inhibition 
(example J7). However, using the altered extraction method helped reduce inhibition 
such that J7, which was black in color has the same amount of inhibited samples as J2, 
which was light grey. 
 
In figure 1, the dark blue bars represent J1, J2 and J3, which were a part of extraction set 
1 and were extracted using the original high yield protocol. All three of these jackets 
were shades of grey and out of 9 scrapings, 8, 9 or 7 samples were inhibited. The light 
blue bars in the figure represent the remaining jackets, which were analyzed using the 
altered high yield extraction protocol with the additional cleanup step. A comparison of 
the grey jackets in dark blue bars and the two grey jackets in light blue bars shows that 
the number of inhibited samples was reduced to 5 and 0 in J10 and J11. This shows that
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the change in extraction was able to reduce the inhibition, although the reduction was not 
significant according to the Kruskal-Wallis test at 95% certainty. Jacket 7, which was 
black in color, still had inhibition in all samples even after the cleanup, but this result is 
likely correlated to the black dye pigment. The dark blue jackets; J4, J5, J8 and J9 had 
varying results where J5 and J8 only had 1 inhibited sample but J4 and J9 had 5 and 7 
respectively. This discrepancy could be attributed to variations in the amount of lint 
sampled, fabric or the dye itself, nonetheless despite the dark blue color; the inhibition 
results were comparable to the lighter grey colored jackets extracted without the cleanup. 
Based on these results, it can be concluded that the darker the jacket color, the higher the 
degree of inhibition and the addition of the cleanup step reduced this inhibition to some 
extent. Table 4 shows that the number of scrapings with detectable DNA increased 
significantly following the change in extraction method as well and there was a greater 
chance that samples that did not have detectable DNA were true negatives. Overall, the 
quantitation results were negative for 51.5% of the samples and this was in part due to 
inhibition.   
The inside jacket cuff is an area where the wearer is most likely to deposit skin cells due 
to contact and friction. This area served as a positive control and was expected to yield 
the wearer’s DNA. In the case of the first extraction set the cuff on J2 had no IPC 
amplification leading to an invalid result where it cannot be concluded that the cuff was 
negative for DNA. Both J1 and J3 however, had quantitation readings for the cuff along 
with IPC amplification as seen in table 3. The cuffs on all the remaining jackets also 
generated DNA concentrations with properly functioning IPC’s with the exception of J7, 
which was the black jacket that failed to produce any results due to complete inhibition.  
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Despite the negative quantitation results, PCR amplification reactions were set up for all 
samples. Generally, the primary purpose of performing qPCR is to determine the 
concentration of the DNA and ensure that downstream PCR reactions uphold the 
‘Goldilocks’ principle, which states that the DNA amount has to be adjusted or 
normalized prior to setting up PCR to ensure that the DNA is within the optimal range i.e. 
not too much and not too little. This would in turn generate DNA profiles exhibiting 
optimal characteristics and peak morphology (Butler, 2011). However, studies have 
shown that STR results can still be obtained from samples that had a negative 
quantitation result (Cupples et al. 2009). This discrepancy can be attributed to multiple 
factors. One is stochastic variation, common with low DNA amounts and although there 
may be DNA present in such samples, it is in such a low amount that the PCR primers 
fail to find enough target molecules to amplify. Thus stochastic variation impacts the 
reliability of qPCR results in a negative manner (Butler, 2011). Furthermore, the 
quantitation assays require the use of a much smaller volume (~ 2ul) than STR typing 
PCR reactions (~ >10ul), which allows for more DNA input when STR typing and 
increases the chances of getting a profile even when the quantitation result is negative. 
This difference in volumes also has an effect on pipetting accuracy, which is crucial 
when pipetting very small volumes. The buffers used in qPCR and STR typing PCR can 
be different as well and a buffer containing a different type of polymerase or other 
additives can overcome inhibition (Butler, 2011).  Due to these factors, regardless of 
quantitation results all the samples were amplified.     
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STR Typing 
Minifiler 
The samples were amplified using the AmpFlSTR® Minifiler™ PCR Amplification kit, 
which has an improved ability to type degraded DNA specimen by generating smaller 
sized PCR products (Mulero et al., 2008).  This is accomplished by repositioning the 
primers as close to the STR repeat region as possible and the result is “mini STR’s”, 
which increase the number of target molecules for PCR (Mulero et al., 2008). The 
Minifiler kit amplifies the eight largest sized loci from the AmpFlSTR ® Identifiler ® 
PCR Amplification kit (D7S820, D13S317, D16S539, D21S11, D2S1338, D18S51 and 
FGA) and the Amelogenin sex determination marker. The kit is expected to have a low 
detection limit and sensitivity studies conducted on the kit showed that the optimal 
quantity of DNA template for Minifiler kit ranged from 0.5 to 0.75ng and that full 
profiles could be obtained for samples as low as 0.125ng. This was primarily the reason 
for utilizing the Minifiler kit in this study since the samples in question were generated 
from touch (low amount) DNA and were expected to be complex mixtures. Furthermore, 
validation studies on the kit also showed that it retained its amplification efficiency in the 
presence of inhibitors. The two inhibitors used in the studies were heme and humic acids 
from soil. The results showed that two other STR multiplex kits from the same company 
were completely inhibited at heme concentration of 80uM whereas the Minifiler kit was 
able to generate complete profiles at all concentration of heme tested in the 0 to 80 μM 
range (Mulero et al, 2008). The reason for the kits continued PCR efficiency even in the 
presence of inhibitors is the use of proprietary PCR buffers which aid in overcoming the 
inhibition and improve the general robustness of the kit (Mulero et al., 2008).    
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Following amplification, the products were analyzed on the Genetic Analyzer 3500, 
which is the current capillary electrophoresis instrument used to separate DNA 
molecules. Since DNA molecules of different lengths pass along the capillary at different 
speeds, with the smaller molecules moving quicker than larger ones, the time it takes for 
the individual molecules to pass through the capillary is recorded and converted to base 
pair size using internal size standards (Butler, 2011). Factors such as polymer type, 
injection conditions and capillary length have an impact on the separation. The polymer 
used for this analysis was a 4% dimethyl polyacrylamide (POP-4) polymer, which is 
commonly used for fragment analysis and STR typing, in a 36cm capillary. These factors 
affect the resolution of the profiles directly, with longer capillaries, low separation 
voltages and high polymer concentrations generating the highest resolution profiles. The 
injection time and voltage are the key factors affecting the electrokinetic injection as they 
determine the amount of DNA molecules that actually enter the capillary. The injection 
time and voltage were altered from the recommendations of the manufacturer based on a 
preliminary sensitivity titration performed using Qiagen extracted exemplars. Since this 
study was based on touch DNA that generated negative qPCR results for more than 50% 
of the samples, it was important to optimize the injection conditions to get the best 
possible DNA peak detection. Therefore, DNA was diluted to 500pg, 250pg, 100pg, 
75pg, 50pg and 25pg concentrations and analyzed on the 3500 instrument under various 
combinations of injection voltage and time as summarized in table 5 below. The 
efficiency of each combination was measured by counting the total number of alleles 
observed in the final profile, where the maximum expected number of alleles was 30. The 
results showed that the default settings (15sec at 1.2kV) generated the lowest number of 
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alleles and severe dropouts started to occur at the 100pg concentration. As a result the 
injection time was increased to 20 seconds for the remaining combinations and only the 
voltage was altered. As the voltage was increased from 2 to 3 to 4kV the number of 
alleles detected also increased. 3kV and 4kV had very similar results but the 4kV 
injection had a slightly higher allele count and higher peak heights and was therefore 
selected as the optimal injection setting to be used in the Minifiler study. The 6kV 
injection produced peaks that were over blown with poor morphology thus it was 
eliminated. Increasing the injection time more than 20seconds also had a similar effect, 
where the peaks appeared to be too broad.   
Table 5. Summary of Preliminary Sensitivity Titration Results 
DNA amount 15 sec 1.2kV 
(Default) 
20 sec 2kV 20 sec 3kV 20 sec 4kV 
500 29 27 27 29 
250 28 27 29 29 
100 19 23 27 27 
75 19 23 25 25 
50 15 24 25 25 
25 0 0 0 0 
 
All Minifiler amplifications were run on the 3500 set to the optimized parameters and the 
resulting profiles were analyzed using Gene Mapper software. The total number of 
alleles, number of foreign alleles, alleles from volunteer and quality of the volunteer’s 
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profile i.e. partial, full, major or minor etc. were taken into account. A detailed summary 
of these Minifiler-3500 results can be seen in appendix (i).  
The fact that any STR peaks were seen with a DNA quantitation result of zero, shows 
that the quantitation was not sensitive enough. Reference samples for each volunteer 
were typed using the Identifiler Plus kit to generate full reference profiles for each 
person. The purpose of obtaining these exemplars was to be able to separate out the 
volunteer’s own alleles from the complex mixtures generated from the subway samples. 
Once the volunteer’s alleles were separated from the mixture, the remaining foreign 
alleles could be counted to evaluate DNA transfer. Since the samples were mixtures 
possible stutter peaks were not edited out and only unambiguous artifacts such as pull-
ups and spikes were removed. Regarding the presence of the volunteer DNA, several 
different types of Minifiler profiles were observed; full/major, full/minor, volunteer 
alleles absent (negative), partial/major, and partial/minor. Examples of these different 
types of profiles are presented in the following figures. Figure 2 shows an example 
Minifiler profile for sample URJ1, where the volunteer’s alleles form the major 
component. The volunteer’s alleles are circled in red and are major at all loci. There was 
no drop out observed and the full profile of the volunteer was recovered. Locus D16S539 
was not included in the analysis as it was inconclusive in all samples and is known to be 
susceptible to noise. This type of profile was seen frequently and was expected since the 
volunteers were repeatedly handling the jackets all week and therefore deposited a 
sufficient amount of DNA to generate a full major profile.   
Figure 3 shows an example Minifiler profile where the volunteer alleles were the minor 
component. This profile was from sample FLJ9 and the circled alleles were consistent 
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with volunteer B9 and clearly make up one of the minor components in the profile with 
the exception of locus D18, where the volunteer’s alleles appear to be major. This 
discrepancy at only one locus can be explained by allele stacking, where multiple donors 
share the exact same allele combination and therefore the peak heights appear higher due 
to their combined signal. The number of contributors to this mixture can be estimated to 
be four or higher. Samples where the volunteer constituted a minor component were 
tested in Identifiler plus. 
Figure 4 shows an example profile from sample LLJ8 where the volunteer alleles were 
completely absent at 4 out of 6 loci examined and this absence of alleles was not due to 
locus failure because several foreign alleles were present. These types of profiles were 
also further studied. Figure 5 is an example profile from sample BRJ8 and shows several 
loci where the volunteer alleles have dropped out resulting in only partial profiles and 
these alleles are also minor components of the profile.  
The different types of profiles were analyzed and grouped by counting the loci and the 
alleles. The total number of loci with signal per sample/jacket was determined and then 
percentages for each volunteer profile type were calculated as summarized in table 6.  
The total number of alleles, number of alleles from volunteer, number of alleles foreign 
etc. were also calculated and the raw allele count data can be seen in appendix (ii). 
Summarized percent allele data can be seen in Table 7.  
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Figure 2. Minifiler profile for sample URJ1 showing the volunteer as the major 
component. DNA extracted from the scrapings of sample URJ1 was quantitated and 
amplified using the Minifiler kit and analyzed on the Genetic Analyzer 3500. The profile 
generated above depicts the alleles consistent with volunteer B1 circled in red. All the 
other alleles are considered foreign and locus D16S539 were deemed inconclusive and 
not included in the results.  
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Figure 3. Minifiler profile for sample FLJ9 showing the volunteer alleles as the 
minor component. The DNA extracted from sample FLJ9 was PCR amplified using the 
Minifiler kit and the above profile was generated. The circled alleles are consistent with 
volunteer B9 and compose a minor component in the profile except at locus D18S51, 
where 14, 15 is the major component. Locus D16S539 was inconclusive and not a part of 
the analysis.  
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Figure 4. Minifiler profile for sample LLJ8 showing multiple loci with volunteer 
alleles completely absent. DNA extracted from sample LLJ8 was used to generate the 
above profile, which is an example of a profile where the volunteer’s alleles are not 
present. All the loci that do not contain alleles from volunteer B8 are labeled negative and 
the remaining loci have the volunteer’s alleles circled in red. Heterozygote allele drop out 
was observed at CSF1PO. Locus D16S539 was inconclusive and not a part of the 
analysis.  
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Figure 5. Minifiler profile for sample BRJ8 showing loci with volunteer profile 
partial and minor.  The DNA extracted from sample BRJ8 was PCR amplified using the 
Minifiler kit and the above profile was generated. The circled alleles are consistent with 
volunteer B8. The volunteer profile was partial at the 2 labeled loci and the alleles formed 
the minor component as labeled. Locus D16S539 was inconclusive and not a part of the 
analysis.  
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The Minifiler kit has a total of 9 loci and the number of loci with peaks was determined 
by examining the profiles for each sample. The samples belonging to the same jacket 
were grouped together and a percentage was calculated. These calculated percentages, 
seen in table 6, indicate that the jackets with the least amount of inhibition have the 
highest percentage of loci with signal, which was expected. Furthermore, the Kruskal-
Wallis test on the data for allele count showed that there was a significant increase in the 
total number of alleles detected in the jackets extracted with the cleanup step, which is 
indicative of PCR success. 
Table 6. Summary of Volunteer Minifiler Profile Types 
 
Jacket 
Label 
% Loci 
with Signal 
% Loci 
Volunteer 
Major 
% Loci 
Volunteer 
Partial/ 
Major 
% Loci 
Volunteer 
Minor 
% Loci 
Volunteer 
Negative  
J1 62.5% 93.3% 0.0% 6.7% 
 
0.0% 
J2 0.00% 0.00% 0.0% 0.0% 0.0% 
J3 0.00% 0.00% 0.0% 0.0% 0.0% 
J4 0.00% 0.00% 0.0% 0.0% 0.0% 
J5 26.4% 89.5% 0.0% 5.3% 5.3% 
J7 48.6% 85.7% 2.9% 2.9% 8.6% 
J8 90.3% 58.5% 15.4% 18.5% 7.7% 
J9 75.0% 51.9% 5.6% 42.6% 0.0% 
J10 98.6% 87.3% 0.0% 11.3% 1.4% 
J11 98.6% 91.5% 1.4% 5.6% 2.8% 
  
 
Jackets 2, 3 and 4 have no signal at any locus; therefore, these three jackets were not 
tested further and were not included in the percent allele count analysis. 44.4% of all loci 
tested generated a signal and of those, in 75.6% of the loci the volunteer profiles were full 
and major. This was not an unexpected finding since the volunteers were handling the 
jackets with bare hands. The volunteer alleles formed the minor component in 14.4% of 
the loci with signal and were partial in only 4.2% loci. The volunteer alleles were rarely 
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completely absent, this happened only in 3.3% loci. The individual breakdown of each 
category by jacket can be seen in Table 6.  
Figure 6 presents a graphical depiction of the data seen in table 6. The graph shows that 
the volunteer major and full was the most frequent type of profile for majority of the loci, 
which was expected due to the constant handling of the jackets by the volunteers.  
 Figure 6. Graphical depiction of the occurrence of different types of Minifiler 
profiles. The graph above summarizes the different types of Minifiler profiles with the 
jacket code on the x-axis and the number of loci on the y-axis. For majority of the loci, 
volunteer profiles were full and major components.  
 
The graph also shows that the jackets extracted without cleanup have a higher number of 
loci with no peaks seen in light blue, which further supports the fact that the cleanup step 
reduced inhibition. A higher number of loci with volunteer minor and volunteer partial 
are seen in jackets 8 through 11. These jackets displayed overall more alleles and a 
combination of almost all profile type. 
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The total number of alleles was also counted for each Minifiler profile and it was 
determined that 37.7% of the total number of alleles detected were from the volunteers 
while the remaining 62.3% alleles were foreign, the majority of which were most likely 
acquired from transfer events on the subway. The distribution per jacket can be seen in 
table 7. 
Table 7. Minifiler % Allele Count Summarized for Volunteer Alleles 
 
Jacket Label Total # of Alleles %Alleles Volunteer %Alleles Foreign 
J1 227 33.4% 66.6% 
J5 74 43.2% 56.8% 
J7 103 49.5% 50.5% 
J8 188 46.3% 53.7% 
J9 280 32.9% 67.4% 
J10 272 39.3% 60.7% 
J11 306 32.3% 67.2% 
 
The total allele count data shown above in table 7 was also used to determine the 
minimum number of contributors that can explain the data. The graph below in figure 7 
summarizes the minimum number of contributors for the nine samples collected from 
each jacket. As seen in the graph, all jackets show multiple mixtures ranging in the 
number of contributors from 0-4. Jacket 1, 5 and 7 had multiple loci with no alleles as 
shown previously; therefore, have the higher 0 contributor bars compared to jackets 8-11. 
With 4 out of 9 loci jacket 7 has the highest number of single source profiles. Jackets 8-
11 on the other hand have a higher amount of number of contributors in the range of 2-4. 
This result is not unexpected since DNA extracts from these jackets showed less 
inhibition and as a result had more alleles. Overall, each jacket had at least one sample 
with a complex mixture involving three or more people. None of the 2 person mixtures 
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had a foreign full major component that after Identifiler Plus amplification would have 
been eligible for the DNA database. This means that adventitious DNA transfer in the 
subway is unlikely to generate DNA database hits.   
 
Figure 7. Graphical depiction of the minimum number of contributors in mixture 
per jacket. The total allele count for each jacket was used to determine the minimum 
number of contributors. The subway samples were complex mixtures with up to 4 
minimum contributors in mixture. 
 
 
Since the volunteers were required to log their subway trips, the total amount of time 
each volunteer spent on the trains in one week was determined to see if there was 
correlation between time spent on trains and total number of alleles detected. This graph 
can be seen below in figure 8, where the time in minutes is on the x-axis and the number 
of foreign alleles is on the y-axis. The results revealed that there was in fact no such 
correlation between the time and allele data. This lack of correlation can be explained by 
the many independent variables involved in the transfer of DNA onto the jackets. Each
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volunteer used different sets of trains, which were crowded to different levels and the 
volunteers behaved independently while on the trains i.e. sitting, standing, holding the 
pole, standing next to door etc. Since each volunteer had unique experiences on the 
subway throughout the week, the time spent on trains was only one variable and the 
transfer of DNA was dependent on many other variables as well, which were not 
controlled. Therefore, it is not unreasonable to see this lack of correlation. Furthermore, 
the varying degree of inhibition observed in the different jackets, contributed to the total 
allele count and thus impacted the correlation between time and allele count data.  
 
Figure 8. There is no correlation between the amount of time spent on subway and 
the total foreign allele count. The volunteers were required to keep a log of their 
subway trips and this log was used to calculate the total amount of time each volunteer 
spent on the subway in one week. The time (x-axis) was plotted against the total number 
of foreign alleles (y-axis) found on the jackets and the results showed a lack of 
correlation between the two.  
 
The volunteers kept a record of the level of crowdedness of each train ride in their 
subway logs as well. Therefore, the relationship between the crowdedness of the train and 
the amount of foreign alleles detected on the jackets was also analyzed. It was expected 
that there would some correlation between the two since a crowded train facilitates 
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increased amount of contact between the individuals as they are in an even closer 
proximity to each other. The results for this analysis are summarized in Figure 9, where 
the x-axis is the time in minutes spent in crowded trains and the y-axis is the total number 
of foreign alleles detected. As indicated by the extremely low R2 value there is no linear 
relationship between the two variables. This result means that traveling in a crowded train 
does not necessarily cause more DNA transfer. This lack of correlation again can be 
attributed to the inhibition issue as well as the other variables affecting transfer events.  
 
Figure 9. There is no correlation between the amount of time spent on crowded 
trains and the total foreign allele count. The volunteers were required to keep track of 
the crowdedness of the trains and this log was used to calculate the total amount of time 
each volunteer spent on crowded trains in one week. The time (x-axis) was plotted 
against the total number of foreign alleles (y-axis) found on the jackets and the results 
showed a lack of correlation between the two.  
 
Identifiler Typing 
To gain further insight into the foreign alleles, selected samples were re-amplified using 
the AmpFlSTR® Identifiler® Plus kit. In order to be qualified for re-amplification in 
Identifiler Plus, the sample was required to have 4 or more loci with signal (good profile), 
at least 4 loci with foreign alleles and at least 1 locus where the volunteer profile was not 
y = 0.0331x + 124.6
R² = 0.0012
0
50
100
150
200
250
0 50 100 150 200 250
N
u
m
b
e
r 
o
f 
fo
re
ig
n
 a
ll
e
le
s
Time (min)
Lack of correlation between crowdedness of subway and the 
number of foreign alleles detected 
 45 
major. A total of 37 samples were selected based on these criteria, including all samples 
from the control jacket. The purpose of re-amplifying samples in this kit was to extract 
more information per profile and see if foreign major types were present. The Identifiler 
kit has 14 loci, compared to the 9 in Minifiler, and was therefore thought to provide more 
information about the sample. Apart from the additional information, the overlapping loci 
between the two kits allowed for concordance confirmation as well. An example of a 
Minifiler/Identifiler profile pair can be seen in figures 10A and 10B respectively. The 
figures represent the DNA profiles generated for sample LLJ9 using both amplification 
kits. Note that the Minifiler profile has fewer loci than the Identifiler profile, however the 
number of alleles detected at most loci is higher for Minifiler. This was expected since it 
is a more sensitive assay. Re-amplification of the same sample in Identifiler plus resulted 
in fewer alleles, however there is concordance between the major alleles in both profiles 
even though exact ratios may have shifted with sometimes different alleles now being the 
highest peak. This can be explained through stochastic sampling effects when aliquoting 
for PCR. Alleles observed in both profiles are circled. Identifiler was able to detect all the 
major alleles seen in the Minifiler profile, however some of the minor alleles dropped 
out. Occasionally an allele was observed in Identifiler that was absent in Minifiler. This 
can be seen in figure 10B at the FGA and D21 loci. There are small peaks observed at 
both loci in Minifiler exactly in the position of these alleles, however they are extremely 
small and fall in the stutter position for the major peaks. Since a stutter filter was applied 
during the analysis, it is possible that these small peaks were in fact minor alleles that did 
not cross the threshold and were considered stutter and not labeled. This happened rarely 
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in other samples. A detailed summary of the Identifiler plus results can be seen in 
appendix (ii).   
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         (A) 
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    (B)                                                                                 
Figure 10. An example of Minifiler (A) and Identifiler plus (B) profile pair for 
sample LLJ9. The common alleles are circled red in both profiles. There are several 
alleles present in the Minifiler profile that are absent in Identifiler plus profile. The 
number of loci is greater for Identifiler and therefore more information can be obtained 
about the sample. There is complete concordance between the allele calls for the two kits. 
An additional allele is seen at D21 and FGA in the Identifiler plus profile, which was not 
observed in the Minifiler profile and could be a drop-in. 
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The allele count for Identifiler profiles showed that there were more foreign alleles than 
volunteer alleles present on all jackets except jacket 7, where the number of volunteer 
alleles was equal to the number of foreign alleles. Jacket 7 was the black jacket; therefore 
inhibition is a plausible explanation for this result. The Identifiler results support the 
findings from Minifiler analysis and indicate the presence of multi-person mixtures on all 
jackets. The Identifiler allele count per jacket is summarized in figure 11.  
 
 
Figure 11. Graphical depiction of the Identifiler Plus Allele Count. The foreign 
alleles are in blue and the volunteer alleles are in red. The number of foreign alleles is 
greater than the number of volunteer alleles for all jackets except J7, where the two 
quantities are equal. This shows that the subway jackets were complex DNA mixtures.  
 
Minifiler samples that had a Y allele present at the amelogenin locus and for which the Y 
was significantly lower than the X (1:10,000), were tested again using the Y-filer kit. 
This kit has the ability to selectively amplify only the Y component of the sample even in 
the presence of overwhelming amounts of X. The reason for doing a Y-filer analysis on 
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these samples was to extract more information about the male components on the jackets, 
which was clearly foreign, since those volunteers was female. The goal was to determine 
whether a complete Y-haplotype for the foreign minor male component could be 
successfully typed. A total of 12 samples matched the criteria and were amplified and 
analyzed on the 3500. The profiles generated were incomplete haplotypes of minimal 
value and majority of them were negative (Data not shown).  
Negative Control Results 
Since this study was based on touched DNA, which generated very low or negative 
quantitation results, it was important to prevent any type of contamination during the 
sample collection and the various testing stages. The sampling and scraping of the actual 
jackets was performed in a designated ‘clean room’, under full gowning conditions and 
was completed one jacket at a time. The blades, scissors and stencils used to measure, cut 
and scrape the samples were all sterilized using 10% bleach, water and ethanol. The 
scraped samples were extracted in the hood; also one jacket at a time and an extraction 
negative was added with each jacket. These extraction negatives were analyzed in exactly 
the same manner as the actual samples and were quantitated, PCR amplified and analyzed 
on the 3500. Based on the quantitation results, there was no detectable DNA in any of the 
extraction negatives with the exception of ENJ10. ENJ10 had a quantitation reading of 
6.16e--3 ng/μl, which translated to 5 alleles in the Minifiler kit at different loci. This was 
a contamination incident where the alleles were traced back to one of the jacket samples. 
The volunteer explained 4 out of the 5 alleles present; therefore it was reasonable to 
conclude that the contamination was from one of the sample mixtures. Overall, with this 
exception the extraction negative results confirm that the analysis was conducted in a 
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clean environment and that the results for the actual samples are reliable (data not 
shown). 
One jacket served as a negative control for DNA present on the jackets without being 
exposed to the subway. This jacket was washed in exactly the same manner as the other 
jackets, except it was not given to a volunteer. The jacket was stored in its storage bag, 
which was kept in the office. The jacket was scraped last after a thorough bleaching of 
the clean room and equipment to ensure that cross contamination with the other jackets 
would not occur. Ideally, it was expected that after the laundry no DNA would be 
detected on any of the scrapings for this jacket, indicating that the jackets were 
completely DNA-free prior to being given to the volunteers. This however, was not the 
case here as detailed in table 8. 
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Table 8. Analysis of Control Jacket Results 
Sample Quantitation 
Result (ng/ul) 
Inhibition Total # of 
Alleles in 
Minifiler 
Total # of 
Alleles in 
Identifiler 
Plus 
Concordance 
between 
Minifiler and 
Identifiler 
Plus 
LLNC Undet. NO 22 16 Yes 
ULNC 7.50e-003 NO 0 25 NA 
LRNC Undet. NO 3 32 Yes 
URNC Undet. NO 20 29 Yes 
FLNC Undet. NO 0 35 NA 
FRNC Undet. NO 0 36 NA 
BLNC Undet. NO 0 27 NA 
BRNC Undet. NO 0 27 NA 
CNC Undet. NO 0 0 Yes 
 
While several of the control jacket areas had many alleles, the peak heights for these 
alleles were very low. While it cannot be excluded that some of the foreign minor 
component alleles were present prior to subway rides, this is unlikely to be true for the 
major peaks.  
It is unclear where the alleles on the control jacket originated. Almost all of the extraction 
negatives for all jackets were negative for alleles in both kits. This suggests that the 
various reagents used in the testing were free from contamination. Obviously each jacket 
had been handled by many individuals during manufacturing and shipping. The laundry 
step was supposed to remove this DNA. Since DNA transfer in the washing machine is a 
known phenomenon (Berge et al., 2016), the washing machine was run empty prior to 
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washing the jackets. Nevertheless, it is possible that the amount of pre-existing DNA on 
some of the new jackets was so high that not all of it was removed, or actually transferred 
to the negative control jacket. Not only this, but the external surface on which the jackets 
were laid out to dry, could not be rendered DNA free through UV exposure as done for 
the laboratory supplies (Tamariz et al., 2006) and could have been a source for DNA 
transfer onto wet jackets. Note however that the surface was bleached down prior to use.  
In order to identify the source of the DNA profiles on the control jacket, DNA from all 
individuals actively working in the laboratory were typed and compared to the alleles. 
These elimination profiles could not explain all of the detected alleles. The presence of 
DNA on the negative control jackets, compromises the ability to quantify the amount of 
DNA transfer in the subway, but does not completely invalidate the value of the data set. 
Even if the other jackets had similar amounts of pre-existing DNA, the generated results 
were such complex mixtures and had so many alleles present at all loci that there is no 
doubt that the majority of that DNA was acquired via traveling on the subway.  
The purpose of undertaking this research project was to determine the level of 
background DNA that could be acquired on outer garments while traveling on the NYC 
subway. Background DNA can influence the significance of the presence of probative 
DNA on such garments in the case of a criminal incident such as groping or attempted 
sexual assault. Therefore, determining how much DNA is background in this setting and 
what types of profiles are generated as a result of the subway environment is key to 
actually using DNA evidence in cases that take place in a similar setting or where casual 
not case related contact in the subway is presented as an alternate hypothesis. The results 
of this study have shown that a considerable amount of DNA is acquired from traveling 
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on the trains however the Quantifiler Duo quantitation results failed to determine the 
actual numerical concentration. This lack of quantitation results did not impact the actual 
STR results. Profiles were generated for many of the samples with negative quantitation 
readings confirming the findings of Cupples et al. (2009). The profiles revealed that the 
DNA acquired by traveling on the subway generated mostly complex mixtures that were 
difficult to interpret.  
Conclusions 
The information obtained from this project helps to establish the level of “innocent” 
transfer (background) in a subway setting, which could be invoked as defense hypothesis 
in a groping or attempted sexual assault situation. Innocent transfer here refers to the 
coincidental transfer of DNA from one person to another while traveling in the subway 
car. In all cases, the wearer profile was the major profile on the garment. All the foreign 
profiles were minor components and could not be unambiguously de-convoluted because 
of stochastic effects and complexity of the mixture. Overall no database eligible profiles 
were generated. Based on this data set, it appears DNA acquired through “innocent” 
contact or transfer events is generally present in low amounts and appears as a minor 
component in STR profiles. Based on these results, a strong foreign DNA profile found 
on a garment, is not easily explained by and not likely to be a result of “innocent” 
transfer. It is more reasonable to consider a major foreign DNA component as probative 
evidence, indicative of more deliberate contact, and requiring further investigation.  
Additional testing such as Y-STR profiling for male samples, can provide more 
information, however, the samples selected for this study were extremely low amount 
male DNA samples with an overwhelming amount of female DNA and as a result full Y-
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STR profiles were not generated. Results would have been different, if the other samples 
with higher male component had been analyzed.  
Background DNA is something that needs to be investigated in different settings and on 
different substrates as it can alter the meaning of the evidence completely. DNA 
background studies of this nature have been conducted on fingernails (Cook & Dixon, 
2007) and on laundered clothing (Brayley-Morris, et al., 2015). No such study has been 
conducted on outer garments and in a public transportation setting; therefore this study 
provided some valuable information but due to the encountered PCR inhibition the true 
amount of DNA present on the jackets is still unknown. One way to remediate, would be 
to repeat the study using white jackets only, which would eliminate the inhibition issue 
and yield a more complete allele count. Furthermore, a control sample of each jacket 
should also be analyzed immediately after the washing step to ensure that it is negative 
for DNA, as this would further strengthen the conclusion that all alleles were acquired on 
the subway. In addition, when processing the samples, the inside of the backpack can also 
be swabbed for potential DNA transfer. This should also be done after the laundry step as 
a control to ensure that no DNA remains. Swabs of the laundry machine and the drying 
bench should also be taken as a contamination precaution prior to washing the jackets and 
leaving them to dry. Alternatively, the concept of using jackets that need to be put on and 
off could be avoided as it involves a lot of handling by the wearer. Instead, patches of 
white fabric could be used and pinned onto the outer garment of the wearer. Now the 
wearer could be told to avoid touching these areas, or could be asked to place and remove 
the patches wearing nitrile gloves. Other studies designed to establish a baseline of pre-
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existing DNA on outer garments could target volunteers from different types of 
households and/or commuting types without handing out controlled clothing items.  
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Appendix (i): Minifiler Data 
        
        
        
Stain 
Label  
# Loci 
with 
signal 
 # 
Total 
Peaks 
# 
Foreign 
Peaks 
# Loci 
Volunte
er Major 
# Loci 
Volunte
er 
Partial/ 
Major 
# Loci 
Volunteer 
not Major 
# Loci 
Volunte
er 
Negativ
e  
LL J1 9 54 38 9 0 0 0 
UL J1 9 39 24 8 0 1 0 
LR J1 4 16 10 3 0 1 0 
UR J1 9 50 35 9 0 0 0 
FL J1 9 52 36 8 0 1 0 
FR J1 0 0 0 0 0 0 0 
BL J1 0 0 0 0 0 0 0 
BR J1 5 15 7 5 0 0 0 
LL J2 0 0 0 0 0 0 0 
UL J2 0 0 0 0 0 0 0 
LR J2 0 0 0 0 0 0 0 
UR J2 0 0 0 0 0 0 0 
FL J2 0 0 0 0 0 0 0 
FR J2 0 0 0 0 0 0 0 
BL J2 0 0 0 0 0 0 0 
BR J2 0 0 0 0 0 0 0 
LL J3 0 0 0 0 0 0 0 
UL J3 0 0 0 0 0 0 0 
LR J3 0 0 0 0 0 0 0 
UR J3 0 0 0 0 0 0 0 
FL J3 0 0 0 0 0 0 0 
FR J3 0 0 0 0 0 0 0 
BL J3 0 0 0 0 0 0 0 
BR J3 0 0 0 0 0 0 0 
LL J4 0 0 0 0 0 0 0 
UL J4 0 0 0 0 0 0 0 
LR J4 0 0 0 0 0 0 0 
UR J4 0 0 0 0 0 0 0 
FL J4 0 0 0 0 0 0 0 
FR J4 0 0 0 0 0 0 0 
BL J4 0 0 0 0 0 0 0 
BR J4 0 0 0 0 0 0 0 
LL J5 9 47 31 9 0 0 0 
UL J5 0 0 0 0 0 0 0 
LR J5 0 0 0 0 0 0 0 
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UR J5 1 2 0 0 0 0 1 
FL J5 9 26 10 8 0 1 0 
FR J5 0 0 0 0 0 0 0 
BL J5 0 0 0 0 0 0 0 
BR J5 0 0 0 0 0 0 0 
LL J7 3 7 3 2 1 0 0 
UL J7 2 4 1 2 0 0 0 
LR J7 8 20 9 6 0 1 1 
UR J7 2 10 7 2 0 0 0 
FL J7 9 32 16 9 0 0 0 
FR J7 8 22 12 6 0 0 2 
BL J7 3 8 4 3 0 0 0 
BR J7 0 0 0 0 0 0 0 
LL J8 7 12 7 3 1 0 3 
UL J8 9 21 7 7 2 0 0 
LR J8  8 23 11 6 1 1 0 
UR J8 9 32 19 4 1 4 0 
FL J8 8 12 3 5 2 0 1 
FR J8 6 14 6 4 2 0 0 
BL J8 9 38 25 4 1 3 1 
BR J8 9 36 23 5 0 4 0 
LL J9 9 48 33 4 0 5 0 
UL J9 8 43 29 4 0 4 0 
LR J9 4 22 15 2 0 2 0 
UR J9 9 49 34 6 0 3 0 
FL J9 8 43 29 3 0 5 0 
FR J9 8 37 23 6 0 2 0 
BL J9 8 34 23 3 3 2 0 
BR J9 0 0 0 0 0 0 0 
LL J10 9 40 27 9 0 0 0 
ULJ10 9 44 30 6 0 3 0 
LR J10 9 51 37 9 0 0 0 
URJ10 9 38 24 5 0 4 0 
FL J10 8 23 12 7 0 0 1 
FR J10 9 21 7 9 0 0 0 
BL J10 9 27 14 8 0 1 0 
BRJ10 9 28 14 9 0 0 0 
ULJ11 9 57 44 9 0 0 0 
LR J11 9 40 27 8 0 1 0 
URJ11 9 50 37 7 0 2 1 
FL J11 9 34 21 9 0 0 0 
FR J11 9 31 17 9 0 0 0 
BL J11 8 36 24 8 0 0 0 
BRJ11 9 32 21 7 0 1 1 
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Appendix (ii): Identifiler Plus Data 
 
Jacket Total # 
Alleles 
# Alleles 
Volunteer 
# Alleles 
Major 
# Alleles 
Minor 
# Alleles 
Partial 
LLJ1 54 15 15  1 
ULJ1 39 15 13 2  
LRJ1 16 6 4 2  
URJ1 50 15 15  1 
FLJ1 52 16 14 2 0 
BLJ1 1 1 1  1 
BRJ1 15 8 8   
      
LLJ5 47 16 16   
FLJ5 26 16 14 2  
BLJ5 1 0    
      
      
LLJ7 7 4 4  1 
ULJ7 4 3 3   
LRJ7 20 11 11  1 
URJ7 10 3 3   
FLJ7 32 16 16   
FRJ7 22 10 10   
BLJ7 8 4 4   
      
      
LLJ8 12 5 5  1 
ULJ8 21 14 14  2 
LRJ8 23 12 11 1 2 
URJ8 32 13 7 6 3 
FLJ8 12 9 9  2 
FRJ8 14 8 8  2 
BLJ8 38 13 7 6 2 
BRJ8 36 13 8 5 3 
      
LLJ9 48 15 7 8  
ULJ9 43 14 7 7  
LRJ9 22 7 4 3  
URJ9 49 15 11 4  
FLJ9 47 16 7 9  
FRJ9 37 14 10 4  
BLJ9 34 11 8 3 3 
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LLJ10 40 13 13   
ULJ10 44 14 9 5  
LRJ10 51 14 14   
URJ10 38 14 8 6  
FLJ10 23 11 11   
FRJ10 21 14 14   
BLJ10 27 13 11 2  
BRJ10 28 14 14   
      
      
LLJ11 26 12 12  1 
ULJ11 57 13 13   
LRJ11 40 13 12 1  
URJ11 50 13 12 1  
FLJ11 34 13 13   
FRJ11 31 14 14   
BLJ11 36 13 13   
BRJ11 32 11 9 2  
      
      
      
      
      
      
 
 
